The aim of the present study was at evaluating the effects of oxidative stress in blood and placenta of mild diabetic Wistar rats. At birth, Wistar rats received citrate buffer (nondiabetic group, n ¼ 15) and another group received streptozotocin (100 mg/kg, subcutaneous) to induce mild diabetes (diabetic, n ¼ 15). The glycemia of these pregnant adult female rats were evaluated at days 0, 7, 14, and 21 of pregnancy, and at term pregnancy, the blood and placental samples were collected for oxidative stress measurements. The mild diabetes caused glycemia superior to 120 mg/dL during pregnancy, increased superoxide dismutase, glutathione peroxidase, glutathione reductase activities, and malondialdehyde levels in the blood, and catalase activity in the placenta. Thus, mild diabetes increased activities of antioxidant substances aiming at defending against the exacerbated oxidative stress but were not enough. The placenta also answered to diabetic milieu and increased antioxidant defense, showing that even a mild hyperglycemia was enough to cause placental and maternal blood changes.
Introduction
Diabetes mellitus (DM) is a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion and action, or both. The chronic hyperglycemia of diabetes is associated with long-term damage, dysfunction, and failure of different organs. 1 There is strong evidence that diabetes/hyperglycemia results a state of oxidative stress and that reactive oxygen species (ROS) contribute to the production of insulin resistance, beta-cell dysfunction, 2 and both the microvascular and macrovascular complications. 3 Literature has showed that there is a change in the pro-oxidant and antioxidant defenses associated with body and circulation changes that are inherent to the pregnancy process. 4 In physiologic state, the gestation increases peroxide products in a proportional way to the mechanisms of antioxidant defense. 5 But, in the end, the antioxidant agents overcome the oxidative processes. In the hyperglycemic environment, glycated proteins show necessarily a different functionality, and consequently their glycation level can give account for the long-term diabetic complications. 6 The placenta is a complex fetal organ that fulfills pleiotropic roles during fetal growth. It separates the maternal and fetal circulation, and it plays an important role in the protection of the fetus from the adverse effects of diabetic maternal environment. 7 The placenta generates ROS that may contribute to the oxidative stress seen even in normal pregnancy, but this is increased in pregnancies complicated by preeclampsia, intrauterine growth restriction and pregestational diabetes where oxidative and nitrative stress have been clearly documented. 8 Previous studies in women with gestational diabetes show the presence of oxidative stress as well as in their respective placentas as a result of the reduction in the antioxidant defense mechanism and increased ROS production. 9 Besides, the placenta seems particularly vulnerable to the oxidative stress due to its extensive cellular division and high metabolic activity 10 and is thought to play an important role in the development of many pregnancy complications. 11 Our research group has developed several investigations using laboratory animals to demonstrate the repercussions of the severe diabetes (glycemia superior to 300 mg/dL) on the pregnancy and fetal development. [12] [13] [14] [15] In contrast, there are no studies evaluating mild diabetes-induced placental effects. Therefore, the aim of this study was at evaluating the effects of oxidative stress status in maternal blood and in the placentas of mild diabetic rats and investigating superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), glutathione reductase (GSH-Rd) activities, and malondialdehyde (MDA) levels at term pregnancy. 
Materials and Methods

Animals and Experimental Groups
Diabetes Induction
Nondiabetic female rats were mated with nondiabetic males. To induce mild diabetes, at birth (day 0), their female offspring were subcutaneously injected with 100 mg/kg streptozotocin (STZ; Sigma Chemical Company, Millstone, St Louis, Missouri) dissolved in citrate buffer (0.1 mol/L, pH 4.5). 16 The nondiabetic group received only subcutaneous citrate buffer in the similar period. All pups remained with their mothers until reaching adulthood (day 21 postnatal).
Mating Period
All adult females (nondiabetic and diabetic) were mated overnight with nondiabetic males. The morning when sperm was found in the vaginal smear was designated as day 0 of pregnancy. The mating protocol was followed for 15 consecutive days (approximately 3 estrous cycles). The females that failed to become pregnant during this period were considered infertile and excluded from the study. 17 At day 0 of pregnancy, the rats from the diabetic group presenting glycemia from 120 to 300 mg/dL were included in the mild diabetic group and for the nondiabetic group, the rats presenting glycemia <120 mg/dL were included. 16 
Pregnancy Period
Glycemia. During pregnancy, all female rats were maintained in individual cages. In the mornings of days 0, 7, 14, and 21, glycemia was determined with a specific glucosemeter (One Touch Ultra, Johnson & Johnson Medical, Brasil), and values were expressed in milligrams per deciliter (mg/dL).
Measurements of maternal blood and placental samples. At day 21 of pregnancy, the dams (n ¼ 15/group) were anesthetized with sodium pentobarbital (Hypnol 3%) to collect blood and placental samples for oxidative stress evaluation.
Assay for oxidative stress status in maternal blood samples. Maternal blood samples collected in tubes with anticoagulant were centrifuged at 90g for 10 minutes at 4 C. The supernatant was discarded and the erythrocytes were washed with phosphate buffer saline (0.01 mol/L, pH 7.4) followed by centrifugation at 263g for 1 minute at 4 C. This procedure was repeated 3 times and final infranatants were used for the measurement of GSH-Rd, SOD, and GSH-Px activities, and MDA concentration. The GSH-Px and SOD activities and MDA levels were determined by de Souza et al (but modified). 14 The GSH-Rd activity was performed by monitoring the reduced form of nicotinamide adenine dinucleotide phosphate (NADPH) oxidation. The mixture consisted of the addition of 780 mL of distilled water, 50 mL of Tris-HCl buffer (1 mol/L; EDTA 5 mmol/L; pH 8.0), 100 mL of GSSH (33 mmol/L, Sigma Chemical Company, Millstone, St Louis, Missouri) and 20 mL of the hemolysate. The mixture was agitated in a vortex mixer for 10 seconds. Next, 50 mL of NADPH (2 mmol/L) was added and maintained at 37 C for 10 minutes. Absorbance was determined by a spectrophotometer with a wavelength of 340 nm. The GSH-Rd activity was expressed in enzymatic activity units per gram of hemoglobin (IU/g Hb).
Assay for oxidative stress status in placental samples. The placentas were collected, weighed, and washed in physiological buffer solution (PBS 0.1 mol/L) to reduce the presence of blood, and they were maintained in freezer at À80 C. At the moment of analysis, placentas were thawed, perforated, and triturated in a homogenizer (MPV 306; Marconi, Piracicaba, São Paulo -Brasil) with PBS (0.1 mol/L, pH 7.4) for 1 minute. The mixture was centrifuged at 9000g for 10 minutes at 4 C for obtaining the supernatant and were used to measure MDA concentration 18 and SOD 19, 20 and catalase enzymatic activities. 20 
Statistics
Data were expressed as mean and standard error of the mean (SEM). Statistical comparisons were made using Student t test. P < .05 was considered as statistical significance limit.
Results
The diabetic group presented blood glucose levels superior to 120 mg/dL on day 0 of pregnancy (P < .05). At days 7 and 21 of pregnancy, the diabetic dams presented no glycemic changes. It was observed an increased blood glucose level at day 14 of pregnancy in diabetic dams (P < .05) as compared to nondiabetic group (Figure 1) .
The SOD, GSH-Px, and GSH-Rd activities as well as MDA concentrations were increased in diabetic dams as compared to nondiabetic group (P < .05; Table 1 ).
In placental tissue, the mild diabetes caused no alteration in the MDA concentrations and SOD activity (P > .05). The catalase activity was statistically higher (P < .05) in placental tissue of mild diabetic group as compared to the nondiabetic group (Table 2) .
Discussion
In the present study, the rats that received STZ in neonatal period presented increased glycemia on days 0 and 14 of pregnancy. These results corroborate with another experimental study performed by Sinzato et al, 16 showing that this glycemia is very similar to that found in diabetes of the pregnant women. Similarly Desoye and Mouzon 7 verified that pregnant woman with gestational diabetes presents hyperglycemia during 24 to 26 weeks of pregnancy, which is equivalent to day 14 of pregnancy in rats.
It was observed significant increases in SOD, GSH-Px, and GSH-Rd activities in mild diabetic dams. However, increased antioxidant defenses were not enough to control the elevated oxidative stress, as demonstrated by increased concentrations of MDA. It is known that the classic pathophysiological features of diabetes present a hyperglycemic state, causing a lipoperoxidation profile. Hyperglycemia causes tissue damaging and activation of protein kinase C isoforms through de novo synthesis of the lipid second messenger diacylglycerol end product formation, and also polyol pathway flux contributes for ROS concentration. [21] [22] [23] Therefore, experimental mild diabetes may present metabolic alterations about oxidative stress increasing. 24 In contrast, it already demonstrated no changes in oxidative stress profile from mild hyperglycemia. 25 It have been suggested that there may be temporal changes in enzyme activity that are both transitory and biphasic in nature. For instance, after prolonged hyperglycemia in severe diabetes (glycemia superior to 300 mg/dL), the induction of certain antioxidant enzymes or a return to normal values from previously decreased values may occur as a compensatory mechanism to respond to the constant exposure to increased oxidative stress. 26 This could explain the decrease, increase, or no alteration in the antioxidant enzymatic activities in different studies.
The placenta plays crucial role in pregnancy as the interface between mother and fetus. It anchors the conceptus, provides an interface for the exchange and modification of nutrients and gases, synthesizes and secretes a range of steroid and peptide hormones, and provided an immune barrier between the mother and the semi-allogeneic fetus. 27 Measurements of oxidative stress markers in maternal blood and urine 28 show that pregnancy per se is a state of oxidative stress due to the high metabolic activity of the placenta and maternal metabolism in pregnancy. 27 Our results showed that mild diabetes caused no change in the SOD activity and MDA concentration in the placental tissue samples, however, the catalase activity was increased. Jones et al 29 demonstrated that the catalase and SOD expressions were consistently higher in the labyrinth zone at term pregnancy of normoglycemic rat placenta. These authors suggested that this higher antioxidant capacity might cope with a higher metabolic activity in this zone at late gestation. Another study verified that placenta from gestational DM (GDM) is associated with increased messenger RNA expression of catalase and glutathione reductase. 30 These results suggest a protective or adaptive mechanism to prevent hyperglycemic damage from further oxidative insult as indicated by increased placental antioxidant activity, such as in mild diabetic rats and GDM. In contrast, some studies has shown lower levels of catalase activity in plasma and placental tissue during diabetic complicated pregnancy, this reduction is achieved by the inability of scavenge enzymes in lipoperoxidation processes. 4 According to Choi et al, 31 the divergence observed shows that an increased oxidative stress have no direct relation with acute hyperglycemia. Besides, this increase develops only in those individuals with compromised antioxidant defense capacity. Droge 32 suggests that this is caused by the cellular adaptation mechanism due to glycemic imbalance or hyperglycemia associated with poor antioxidant status. ROS have been implicated in the activation of a variety of transcription factors. Among the various transcription factors, nuclear factor-kB (NF-kB) is one of the most important, whose activity can be influenced by oxidative stress and is recognized as central to regulating the expression of oxidative stress-responsive genes. 33 NF-kB regulates the expression of multiple immune and inflammatory genes, including proinflammatory cytokines and the proteins and enzymes involved in ROS generation. 34 Differently from the other studies that show in vivo studies and measuring oxidative stress markers, Coughlan et al 35 observed that ex situ placental tissue from GDM in presence of superoxide generating xanthine/xanthine oxidase (X/XO) system) presented a blunted oxidative stress with no change in 8-isoprostane release, an increase in tumor necrosis factor-a (TNF-a) release, and a reduction in NF-kB activity. These data suggest that placenta from women with GDM display an attenuated response to an in vitro oxidative challenge with respect to the release of the proinflammatory cytokine, suggesting that GDM placenta may be preconditioned by transient intracellular oxidative stress that attenuates responsiveness to a further oxidative insult. 35 The present study is described in animals but allows the scientific community to extrapolate some of these findings for possible effects of oxidative stress also in human placentas, especially in diabetic environment. This investigation opens possibilities for important research in the area. Thus, an increased activity of the maternal antioxidant defense system intending to eliminate peroxides and to act against oxidative stress generated by hyperglycemia was demonstrated. In contrast, the increased antioxidant activity is not effective in decreasing lipid peroxidation in blood tissue. In the placental tissue, the scenario reflects changes in the antioxidant defense as demonstrated by the increased catalase activity, showing ability of placental antioxidant defense system to prevent mild diabetes-induced oxidative stress. Thus, this reinforces the need to advance the research on pharmacological interventions to minimize the repercussions resulting from diabetes.
